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Inventors: Nathan A. Torgerson; Raymond F. McMullen 
Assignee: Medtronic, Inc. (Minneapolis, MN) 
Issued: October 13, 1998 

FIELD OF THE INVENTION 
The present invention relates generally to a method and apparatus for the delivery of fluid to 
a specific desired location within a patient's body; and, more particularly, relates to an implantable 
non-invasive, rate-adjustable pump for the delivery of pharmaceutical agents or other fluids to an 
implanted catheter or a desired location in a patient's body. 

BACKGROUND OF THE INVENTION 
Pharmaceutical agents and other fluids increasingly are being administered to patients 
through the use of pumps implanted within the patients' bodies. Generally, these drug infusion 
pumps may be classified as either fixed- or variable-rate pumps, depending upon the pump's flow 
rate characteristics. 

Fixed rate implantable pumps typically are manufactured to deliver fluid at a preset flow 
rate. After manufacturing, the flow rate can not be changed. If a different rate is required by the 
patient, the original pump would need to be removed and a pump manufactured at the new flow 
rate would need to be implanted. An example of one such pump in use today is the Model 400™ 

manufactured by Infusaid. 

Variable flow rate implantable pumps typically require that, prior to implantation, some 
mechanical means, e.g., a screwdriver be used by physicians to set the rate at which the fluids will 
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be delivered to the patient. After implantation, these pumps cannot be reset to a new flow rate 
without the pump being removed from the patient's body. An example of one such pump in use 
today is the IP35.1™ pump, available commercially from Anschutz, Kiel, Germany. 

In an effort to avoid burdening patients with having to undergo an invasive surgical 
procedure to remove a fixed flow rate pump in order to manually adjust the flow characteristics of 
the device, drug infusion pumps with flow rates programmable after implantation were developed. 
These implantable pumps typically are powered by an internal battery. For example, the 
SynchroMed™ drug infusion pump, available commercially from Medtronic, Inc., Minneapolis, 
Minn., is an internally powered programmable pump having features which allow physicians to 
change fluid delivery parameters, such as flow rate, infusion period, ramp time, and bolus volume. 

But while internally powered, variable flow rate programmable pumps represent a clear 
advance over prior fixed flow rate pumps, and they continue to enjoy widespread support and use 
by physicians worldwide, use of such pumps has drawbacks. For example, the device's useful life is 
restricted by the life of its internal power supply. An internal power supply eventually becomes 
depleted; thus, when the pump's internal battery runs out, the patient must undergo a surgical 
procedure to have the device removed and replaced. Currently, the average useful life of such a 
device is approximately 4-7 years. Further, in order to guard against the shortening of the device's 
useful life, such devices typically are not manufactured with additional power-consuming features 
within the device such as sensors or other medical diagnostic equipment which would prove useful 
to physicians in treating and monitoring their patients. Such equipment is excluded primarily 
because of a desire to avoid additional power drain to a device with an implanted power source 
having a fixed life. Finally, because these pumps are implanted into patients' bodies, it is desirable 
that they be as small as possible for patient comfort. However, there are limitations on how small 
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the internally powered variable flow rate programmable pump can be made because the internal 
power source takes up considerable space in the interior of the device. 

SUMMARY OF THE INVENTION 
As explained in more detail below, the implantable non-invasive rate adjustable pump of the 
present invention overcomes the above-noted and other shortcomings of prior implantable pumps. 
In accordance with the present invention, an implantable pump is programmed non-invasively by 
means of a programmer that communicates flow rate information by means of radio frequency 
telemetry or other methods of non-invasive telemetry. The programmer also supplies power to the 
implantable pump during programming. The implanted rate-adjustable pump that receives rate 
information and power by telemetry preferably does not include a battery or any other type of 
internal power supply, relying only on the energy obtained from the programmer through telemetry. 

The implanted telemetry rate-adjustable pump is "powered up" during programming. To 
power up the device, the telemetry head of a programmer is placed over the patient's skin in the 
area in which the pump had been implanted. A telemetry signal then is received by an antenna in 
the pump, and associated circuitry in the pump is powered up. In other words, the programmer 
telemetry head sends a signal through the patient's skin in the area in which the pump is implanted. 
A generally flat coil of wire or other suitable receiving station inside the implanted unit proximate 
the patient's skin receives the signal, and a voltage is formed in the coil. This voltage, which in 
general remains as long as the programmer head and signal are in place, serves as a power source 
for the pump, thus eliminating the need for an internal battery. 

Powering up a device using telemetry signals is not uncommon in certain medical 
applications unrelated to drug infusion pumps, e.g., implantable pulse generators and the like. With 
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those devices, as with drug infusion pumps, there is a desire to make the devices as small as 
possible for patient comfort. Thus, with certain model stimulators, like the Xtrel™ and Mattrix™ 
implantable stimulators, commercially available from Medtronic, Inc., Minneapolis, Minn., use of 
internal batteries has been avoided in favor of an external transmitting unit to power the devices. 
However, because stimulators require continuous power during operation, patients typically must 
carry an external transmitting unit with them at all times, usually on their belt. 

In the implantable non-invasive rate-adjustable pump of the present invention application, 
however, the same need for continuous power does not exist. The primary power requirements 
comprise the energy needed to change the state of a valve or valve network in adjusting flow rates, 
and to operate certain other medical diagnostic components, e.g., sensors. 

In accordance with the present invention, to change the flow rate of a drug infusion pump, 
the programmer sends, at the user's direction, flow rate programming commands or other signals 
using telemetry to the pump circuitry. In changing the flow rate, for example, signals sent to the 
pump circuitry would change the operating parameters of the electromechanical system that 
regulates the flow rate. Once the system is set in place, the system would not change its flow rate 
setting unless reprogrammed by the programmer. After all commands are sent and the desired 
programming and reprogramming of systems is complete, the programmer is taken away from the 
patient's skin. The pump then "powers down" and assumes a discharged state, keeping the newly 
programmed fluid flow rate settings. 

In accordance with the present invention, then, in an adjustable rate implantable pump that 
is not limited by the life of a battery, options exist for flow rate adjustment methods and apparatus 
that would not be used in a pump whose life is limited by the life of the battery. For example, in a 
non-invasively powered adjustable rate implantable pump in which power is needed only to change 
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flow rates, and a pressurized reservoir maintains a fixed rate of flow through a restrictor network, 
the network preferably comprises a reservoir attached to a manifold with n bi-stable valves or a 
multi-stable valve with m states. These valves could be of various design, including, for example, 
shape-memory valves and bimetallic or laminated silicon/metal micromachined valves. The valves 
control the flow to n restrictors or regulators or a single restrictor or regulator when used with a 
multi-stable valve. With the bi-stable valve configuration, each restrictor has a different target flow 

rate, and the combination overall allows for 2 n flow rate options. With the multi-stable valves, the 
system has m flow rates. Both types of valves have no requirement for power except during flow 
rate changes. That power is provided by telemetry. 

Thus, a non-invasively rate-adjustable pump in accordance with the present invention has 
an advantage over prior single rate restrictor pumps in that a new target rate can be selected non- 
invasively after the pump has been implanted by changing the state of a valve or valves. Further, 
the pump has advantages over prior implantable programmable pumps in that it can be used 
without an internal power supply that can run down and need to be replaced. Also, because a 
battery or other internal power supply is not required, the device can be built smaller in size. 
Finally, the power from the telemetry head may also be used to power electrical components in the 
pump, e.g., additional power-consuming components such as sensors for measuring flow rates; 
sensors for measuring drug volume in the reservoir; a needle detector for the septum; and any of the 
other additional useful components requiring energy in order to function. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic illustration of an exemplary implantable drug infusion pump in 
accordance with the present invention. 
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FIG. 2 is a schematic cut-away illustration of the exemplary implantable drug infusion 
pump of the present invention shown in FIG. 1, but with the top portion removed. 

FIG. 3 is a schematic illustration in block diagram form of an implantable non-invasive 
rate-adjustable pump system in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
In accordance with the present invention as shown in FIGS, 1-2, a drug infusion pump 10 
includes a fluid reservoir 12 and a septum 14 which serves, for example, as an access port to the 
reservoir 12 during the filling of the reservoir with pharmaceutical agents or other fluids to be 
delivered to a specific desired location within a patient's body. The pump 10 further includes a 
telemetry antenna or receiver 16 preferably comprising a coil of wire within which a voltage may 
be induced when the receiver 16 is in the presence of a transmitted signal. Such a signal is created, 
for example, by an assembly including a programmer operatively coupled to a radio frequency head 
disposed proximate to a pump 1 0 implanted within the body of a patient near the skin. 

The pump 10 further includes a system 20 that regulates the flow of fluid from the reservoir 
12. Preferably, the system 20 comprises a valve network assembly adjustable to a plurality of flow 
rate settings, and includes a plurality of bi-stable valves that control the flow of fluid to a plurality 
of flow restrictors. The valves are similar to, but not restricted to those described by Wagner, et al. 
See Wagner, B. et al, "Bistable Microvalve with Pneumatically Coupled Membranes," IEEE 0- 
7803-2985-6/96, pp. 384-88, which is incorporated herein by reference. The restrictors are similar 
to, but not limited to capillary tube technology used in the commercially available Infusaid and 
Anschutz fixed rate pumps. Alternatively, micro-machined etching technology can also be used to 
manufacture the restrictor. 
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In addition, the pump 10 preferably includes control circuitry 18 for changing the state of 
one or more of the valves of the system 20 in response to a received telemetry signal. The control 
circuitry 18 preferably includes elements required to communicate with the transmitter, transform 
the signal from the transmitter to energy required to change valve states according to the telemetry 
received via the transmitter, and verify valve states and overall pump performance. 

FIG. 3 shows a schematic illustration of an implantable non-invasive rate-adjustable pump 
system in accordance with the present invention. As shown therein, the pump 10 preferably also 
includes a plurality of sensors and other components 26 (a, b, c, . . . ) for use by physicians as 
diagnostic tools as part of the overall medical treatment plan for the patient. For example, as shown 
in FIG. 3, sensor 26(a) comprises a tool for measuring drug volume in the reservoir 12; and 
component 26(b) comprises a sensor for measuring flow rates. The components 26 (a, b, c, . . . ) 
generally are power-consuming components which, preferably receive their energy from non- 
invasive programming signals or sense commands originating in a programmer or some other 
similar device. 

Although the preferred embodiment of this invention has been described hereinabove in 
some detail, it should be appreciated that a variety of embodiments will be readily available to 
persons utilizing the invention for a specific end use. The description of the apparatus and method 
of this invention is not intended to be limiting on this invention, but is merely illustrative of the 
preferred embodiment of this invention. Other apparatus and methods which incorporate 
modifications or changes to that which has been described herein are equally included within this 
application. Additional objects, features and advantages of the present invention will become 
apparent by referring to the above description of the invention in connection with the 
accompanying drawings. 
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What is claimed is: 

1 . An implantable medical pump, comprising: 
a fluid reservoir; 

a passive regulator assembly adjustable to a plurality of flow rate settings for regulating the 
flow of fluid from the fluid reservoir; 

electromechanical control means for changing the passive regulator assembly from a first 
flow rate setting to a second flow rate setting when the electromechanical control means receives 
an induced voltage and in response to control signals; and 

means for receiving radio frequency signals operative to maintain the induced voltage in the 
electromechanical control means in response to received radio frequency signals. 

2. The implantable medical pump of claim 1, wherein the means for receiving radio 
frequency signals is further operative to provide control signals to the electromechanical control 
means in response to received radio frequency signals. 

3. The implantable medical pump of claim 2, wherein the regulator assembly for 
regulating the flow of fluid from the fluid reservoir comprises a valve. 

4. The implantable medical pump of claim 2, wherein the regulator assembly for 
regulating the flow of fluid from the fluid reservoir comprises a valve and a flow restrictor, and 
wherein the valve is operatively coupled to the flow restrictor. 
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5. The implantable medical pump of claim 2, wherein the regulator assembly for 
regulating the flow of fluid from the fluid reservoir comprises a plurality of valves and a flow 
restrictor network which are operatively coupled. 

6. The implantable medical pump of claim 2, wherein the radio frequency signals are 
received from a programmer. 

7. The implantable medical pump of claim 2, further comprising means for sensing, in 
response to a received radio frequency sense command, the amount of fluid in the fluid reservoir. 

8. The implantable medical pump of claim 7, wherein the sense command is received 
from a programmer. 

9. An implantable medical pump, comprising: 
a fluid reservoir; 

a valve for controlling the flow of fluid from the fluid reservoir; 

a plurality of flow restrictors operatively coupled to the valve for providing a plurality of 
flow rates of the fluid from the fluid reservoir; and 

a control for changing the flow rate setting of the valve in response to a received control 

signal. 



10. The implantable medical pump of claim 9 further comprising a receiver within 
which a voltage is induced when the receiver is in the presence of the control signal. 
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11. The implantable medical pump of claim 10 wherein the control signal is a radio 



frequency signal. 



12. The implantable medical pump of claim 1 1 wherein the radio frequency signal is 
received from a programmer. 

13. The implantable medical pump of claim 9 further comprising a first sensor for 
measuring the flow rate of the fluid. 

14. The implantable medical pump of claim 13 further comprising a second sensor for 
measuring the volume of fluid in the fluid reservoir. 

15. An implantable medical pump, comprising: 
a fluid reservoir; 

a multi-stable valve having multiple states for providing a plurality of flow rates of fluid 
from the fluid reservoir; 

a flow restrictor operatively coupled to the multi-stable valve for regulating the flow rate of 
fluid from the fluid reservoir; 

a control for changing the flow rate setting of the multi-stable valve in response to a 
received control signal. 
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16. The implantable medical pump of claim 15 further comprising a receiver within 
which a voltage is induced when the receiver is in the presence of the control signal. 

17. The implantable medical pump of claim 16 wherein the control signal is a radio 
frequency signal. 

18. The implantable medical pump of claim 17 wherein the radio frequency signal is 
received from a programmer. 

19. The implantable medical pump of claim 15 further comprising a first sensor for 
measuring the flow rate of the fluid. 

20. The implantable medical pump of claim 19 further comprising a second sensor for 
measuring the volume of fluid in the fluid reservoir. 

21. An implantable medical pump, comprising: 
a fluid reservoir; 

a plurality of valves for controlling the flow of fluid from the fluid reservoir; 

a flow restrictor network operatively coupled to the plurality of valves for providing a 
plurality of flow rates of the fluid from the fluid reservoir; and 

a control for changing the flow rate setting of the plurality of valves in response to a 
received control signal. 
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22. The implantable medical pump of claim 21 further comprising a receiver within 
which a voltage is induced when the receiver is in the presence of the control signal. 

23. The implantable medical pump of claim 22 wherein the control signal is a radio 
frequency signal. 

24. The implantable medical pump of claim 23 wherein the radio frequency signal is 
received from a programmer. 

25. The implantable medical pump of claim 21 further comprising a first sensor for 
measuring the flow rate of the fluid. 

26. The implantable medical pump of claim 25 further comprising a second sensor for 
measuring the volume of fluid in the fluid reservoir. 

27. An implantable medical pump, comprising: 
a fluid reservoir; 

a plurality of valves for controlling the flow of fluid from the fluid reservoir; 
a flow restrictor for regulating the flow rate of fluid from the fluid reservoir; and 
a control for changing the flow rate setting of the plurality of valves in response to a 
received control signal. 
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28. The implantable medical pump of claim 27 further comprising a receiver within 
which a voltage is induced when the receiver is in the presence of the control signal. 



29. The implantable medical pump of claim 28 wherein the control signal is a radio 
frequency signal. 



30. The implantable medical pump of claim 29 wherein the radio frequency signal is 
received from a programmer. 



31. The implantable medical pump of claim 27 further comprising a first sensor for 
measuring the flow rate of the fluid. 



32. The implantable medical pump of claim 3 1 further comprising a second sensor for 
measuring the volume of fluid in the fluid reservoir. 
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ABSTRACT 

In accordance with the present invention, an implantable pump is programmed non- 
invasively by means of a programmer that communicates flow rate information by means of radio 
frequency telemetry or other methods of non-invasive telemetry. The programmer also supplies 
power to the implantable pump during programming. The implanted rate-adjustable pump that 
receives rate information and power by telemetry preferably does not include a battery or any other 
type of internal power supply, relying only on the energy obtained from the programmer through 
telemetry. 
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Tim C. Meece 
Laura J. DeMoor 
Gregory J. Cohan 
Binal J. Patel 
Scott A. Burow 
William J. Klein 
Janice V. Mitrius 
Christopher P. Moreno 



Reg. No. 37746 
Reg. No. 37210 
Reg. No. 38553 
Reg. No. 39654 
Reg. No. 40959 
Reg. No. 42065 
Reg. No. 42373 
Reg. No. 43719 
Reg. No. 43808 
Reg. No. 38566 



I hereby appoint the following attorneys and agent(s) to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewith: 



Thomas G. Berry 
Kenneth J. Collier 
Beth L. McMahon 
Michael A. Jaro 
Curtis D. Kinghorn 
Daniel W. Latham 
Harold R. Patton 
Girma Wolde-Michael 
Thomas F. Woods 
Eric R. Waldkoetter 



Reg. No. 31736 
Reg. No. 34982 
Reg. No. 41987 
Reg. No. 34472 
Reg. No. 33926 
Reg. No. 30401 
Reg. No. 22157 
Reg. No. 36724 
Reg. No. 36726 
Reg. No. 36713 



whose correspondence address is MEDTRONIC, INC., 7000 Central Avenue, NE, Minneapolis, MN 55432-3576 



Address all telephone calls to Scott A. Burow at (312) 715-1000. 

Address all correspondence to BANNER & WITCOFF, LTD., 10 S. Wacker Drive, Chicago, Illinois 60606. 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
wilful false statements and the like so made arc punishable by fine or imprisonment, or both, under Section 1 00 1 o t 
Title 18 of the United States Code and that such willful false statements may jeopard^ the validity of the 
application or any patent issued thereon. 

Full name of sole or first inventor (given name, family name): Nathan A. Torgerson 

Inventor's signature; ^fk^L^ Q. ^rMsyy^^, Date: Qcfr lO > 2 OOP 

Residence: 170 5 Codar Avenuo #5, White Dew S hp MM 5514 4? - 

Citizenship: USA 6vtterswerr St. Mfc/, Aruftf er, rtAf $ 550*1 

Post Office Address: I7 nr ^ I' lll ll If r \ t Whit n H n nr T inl r o , MM 51110 

Full name of second jobe^Ventor^f any (given name, family name): Raymond F. McMullen 

Inventor's signature: Furtffl I ~f- MllHu/ll^ Date: l& 2&oo 

Residence: 6055 Maple Lwfrc'irJe, Shorewood, MN 55331 
Citizenship: USA 7 

Post Office Address: 6055 Maple Leaf Circle, Shorewood, MN 5533 1 



WRITTEN ASSENT OF ASSIGNEE 

Medtronic Inc. is the Assignee of the entire right, title and interest in and to U.S. Patent No. 5,820,589, and hereby 
gives its written assent to this reissue application. 




Title: 



Date: 
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Received Time Oct. 10. 2:30PM 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
wilful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Full name of sole or first inventor (given name, family name): Nathan A. Torgerson 

Inventor's signature: Date: 

Residence: 1795 Cedar Avenue #5, White Bear Lake, MN 55110 
Citizenship: USA 

Post Office Address: 1795 Cedar Avenue #5, White Bear Lake, MN 551 10 



Full name of second joint inventor, if any (given name, family name): Raymond F. McMuIlen 

Inventor's signature: Date: 

Residence: 6055 Maple Leaf Circle, Shorewood, MN 55331 
Citizenship: USA 

Post Office Address: 6055 Maple Leaf Circle, Shorewood, MN 55331 



Medtronic, Inc. is the Assignee of the entire right, title and interest in and to U.S. Patent No. 5,820,589, and hereby 
gives its written assent to this reissue application. 



WRITTEN ASSENT OF ASSIGNEE 
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